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IDENTIFICATION  Of  CLOSES  Of  CELLS  IS  CULTURE 
BY  DISC  ELECTROPHORESIS 


ABSTRACT 


Isoenzyme  distribution  patterns  (zymograms)  were 
obtain*"1  from  various  subclones  of  an.  L~Ma  clone.  On 
the  basis  of  these  zymograms,  the  various  subclone# 
were  identified  and  classified.  Preliminary  experiments 
indicate  that,  although  they  can  be  modified  by  a  change 
in  the  medium,  the  2ymograas  are  reliable  and  useful 
criteria  for  identifying  clones  of  cells  in  culture, 
when  obtained  from  cells  grown  under  identical  and 
carefully  controlled  growth  conditions. 


Since  the  initial  observation  about  10  years  ago  that  different  pro¬ 
teins  with  similar  enzyme  activity  existed  in  the  same  cell,  organism,  or 
tissue,1”"3  the  study  of  isoenzymes  and  their  distribution  patterns  has 
expanded  into  almost  every  area  of  biological  research.  Isoenzyme  dis¬ 
tribution  patterns  have  been  used  for  the  clinical  diagnosis  of  many 
diseases,4  the  identification  and  differentiation  of  bacterial"  and 
animal1  species,  studies  on  developmental  embryology,  *  and  for  expUia-g 
ing  control  mechanisms  in  intermediary  metabolism.  Previous  studies  '  ' 
have  concentrated  on  zymogram  differences  between  the  same  tier.ee  from 
different  species  or  different  tissues  from  the  same  species.  The  work 
presented  here  describes  results  obtained  from  various  subclones  of  a 
cloned  cell  line  in  an  attempt  to  systematize  and  correlate  genotypic  and 
phenotypic  differences. 

L-Ha  Cl-1  cells,  a  clone  from  the  L-H  cell  line,  were  used  for  these 
studies.  They  were  maintained  in  spinner  culture  on  medium  199  peptone 
(199P)  by  a  series  of  half-splits  for  30  months  after  cloning  and  then 
recloned  using  a  one-step  dilution  method  as  follows:  fro®  the  spinners, 
10  pliter-samples  were  removed  and  mixed  with  10  ml  of  199P  containing 
20%  horse  serum,  50  units  penicillin  per  ml,  and  50  jig  streptomycin  per 
ml.  From  this  pool,  100  pliters  of  the  cell  suspension  were  placed  in 
Falcon  tissue  culture  grade  plastic  petri  dishes  containing  10  ml  of  the 
medium  containing  199F,  20%  horse  serum,  and  antibiotics.  The  monolayer 
was  incubated  in  a  5%  carbon  dioxide  atmosphere „  At  4  weeks,  15  to  35 
colonies  per  petri  dish,  representing  a  15  to  35%  plating  efficiency, 
were  observed,  and,  from  these,  clones  were  picked  at  random.  The  clones 
were  first  isolated  by  use  of  glass  tubing  (6  mm)  wells,  then  aspirated 
from  the  surface  of  the  petri  dish  with  fresh  cloning  medium,  and  placed 
as  monolayers  1  i  Falcon  T-30  flasks. 


4 


The  clone*  that  were  to  be  assayed  for  isoenzyme  distribution  patterns 
had  been  grown  as  monolayers  in  199P  with  no  serum  for  52  to  71  passages. 
The  cells  were  scraped  from  the  glass  with  rubber  policemen,  packed  by 
centrifugation,  washed  once  with  saline,  resuspended  in  water,  and  dis¬ 
rupted  by  sonic  oscillation  In  a  Branson  sonifier.  The  sample  was  placed 
at  -20  C  overnight  and  then  thawed,  and  the  supernatant  liquid,  after  a 
single  cencrlfugation  at  4,000  x  g  for  10  minutes,  was  used  for  poly¬ 
acrylamide  di»c  electrophoresis  by  the  method  of  Grnsteia  and  Oavls.10 
The  enzymatic  activity  was  determined  by  standard  assay.  The  cultures 
were  all  inoculated  at  the  same  concentration  (4  x  10^  cells  per  ml)  and 
harvested  at  the  same  phase  of  growth  {ju?t  as  they  formed  a  confluent 
monolayer).  In  addition,  because  the  protein  concentration  varied  by  no 
r.rc  than  twofold  (0. 1'  te  C.24  sg  p®r  ~r  1)  ?rcng  the  various 
assumed  that  the  amount  of  enzyme  activity  in  any  particular  gel  could  be 
directly  correlated  with  that  of  another  gal. 

The  individual  stained  gels  were  scanned  in  a  Canalco  Model  F  micro- 
densitometer  equipped  with  an  integrator,  and  the  gels  and  tracings  were 
examined  to  determine  the  peaks  or  bands  of  enzyme  activity.  The  major 
bands  of  enzyme  activity  were  numbered  consecutively  from  the  interface 
of  the  stacking  and  running  gels.  Various  classes  were  established  on 
the  basis  of  the  distribution  patterns  of  the  bands  of  enzyme  activity, 
These  are  shown  schematically  in  Figures  1  through  5. 

Figure  1  illustrates  the  pattern  of  esterase  isoenzyme  activity  using 
a-naphthyl  acetate  as  substrate.  The  three  classes  are  distinguished  by 
the  absence  of  bands  4  and  5  in  Class  1,  the  absence  of  bands  1  and  7  in 
Class  2,  and  the  presence  of  all  bands  except  l  in  Class  3. 

Figure  2  demonstrates  the  pattern  of  a-naphthyl  propionate  esteraae 
activity.  The  three  classes  differ  in  that  Class  1  contains  no  activity 
at  bands  1  or  2,  Class  2  contains  activity  at  bands  1  and  2  but  not  at  3, 
and  Class  3  shows  activity  at  all  positions  except  1. 

Figure  3  is  the  pattern  when  p -naphthyl  acetate  is  used  as  a  substrate 
for  esterase.  The  three  classes  differ  in  that  Class  1  contains  enzyme 
activity  only  in  bands  3  and  4,  Claes  2  only  in  band  3,  and  Class  3  only 
in  bands  1  and  2. 

Figure  4  is  the  Isoenzyme  distribution  pattern  of  malic  acid  dehydro¬ 
genase.  Class  1  contains  activity  only  at  band  2;  Class  2  shows  activity 
at  the  interphase  and  at  band  1  and  2. 

Figure  5  is  the  distribution  obtained  for  DL-isocitric  acid  dehydro¬ 
genase.  Here  only  two  classes  can  be  differentiated  on  the  basis  of  the 
relative  intensity  of  band  1  compared  with  that  of  band  2,  using  both 
visual  observation  and  the  activity  measured  by  the  micrcdensitoraeter. 
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No  differences  were  found  in  Che  symograms  of  lectlc  acid,  glucose -6- 
phosphate,  ct-hydrexy  jutyrate,  ^-hydroxy  butyrate,  a-hydroacy  phenyl  - 
propionate^  or  succinic  acid  dehydrogenase#  or  of  a-T,,*rhthyl  stearate 
esterase.  We  have  been  unable  to  demonstrate  the  presence  of  either  acid 
or  alkaline  phosphatase  activity  in  the  gels,  There  was  some  indication 
of  differences  ia  the  protein  stains  but  the  interpretation  of  these 
bands  is  too  complicated  to  present  here. 

The  clones  were  grouped  and  classified  according  to  differences  in 
their  isoenzyme  distribution  patterns.  The  four  clones  studied  in  greatest 
detail^  each  assayed  a  minimum  of  six  times,  are  characterized  in  Table  l. 
These  are  subclones  of  L-Ma  Cl- l  that  produce  a  large  compact  colcmy  when 

cloned  and  exhibit  similar  growth  characteristics. _ However,  as  is  readily 

seen  in  Table  1,  they  can  be  distinguished  by  their  isoenzyme  distribution 
patterns. 


TABLE  1.  ISOENZYME  DISTRIBUTION  IN  SUBCLONES  OS  L-Ma  Cl-1 


■  Class  of  Isoenzyme  Distribution  Pattern 

Isoenzyme  Parent  ;  Subclones 

Substrate  Clone  1  1-7  1-9  1-2  1-3 


Esterase 

(a-naphthyl  acetate) 
Esterase 

'a-naphthyl  propionate) 
Ssterase 

(f3 -naphthyl  acetate) 

Dehydrogenase 
(mail-:  acid) 

Dehydrogenase 
(DL-iaocitric  acid) 


1 

2 

1 

2 

2 


1 

2 

3 


2 

1 

2 


Subcloae  1-7  is  the  same  as  the  par.ept  clone  except  for  its  pattern  on 
p-naphthyl  acetate.  Subclone  1-9  differs  from  the  parent  in  one  of  the 
esterases  and  from  subclone  1-7  in  two  of  the  esterases.  In  addition,  it 
varies  from  both  the  parent  and  1-7  for  malic  acid  dehydrogenase  and  DL- 
iaocitric  acid  dehydrogenase.  Subclones  1-2  and  1-3  also  can  be  identified 
by  the  use  of  several  of  the  isoenzyme  substrate  systems.  These  zymograms 
v_an  readily  be  obtained,  and  by  their  use  the  various  clones  can  be 
distinguished. 
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Isoenzyme  distribution  patterns  (zymograms)  were  obtained  fro m  various  subclonea 
of  an  t-Ma  clone.  On  the  basis  of  these  zymograms,  the  various  subclonea  ware 
identified  and  classified.  Preliminary  experiments  indicate  that,  although  they 
can  be  modified  by  a  change  in  the  medium,  the  zymograms  are  reliable  and  useful 
criteria  for  identifying  clones  of  cells  in  culture,  when  obtained  from  cells  grown 
under  identical  and  carefully  controlled  growth  conditions. 
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